Abstract
Introduction
previous studies, however, the subgeneric classification has been a long-term 48 controversy during the recent decades (Korall and Kenrick, 2002, 2004; Korall et al., 49 1999; Weststrand and Korall, 2016a, b; Zhou et al., 2016; Zhou and Zhang, 2015) . The (Korall and Kenrick 2004, 2002; Korall, et al. 1999; Weststrand and Korall 2016a; Zhou, 54 et al. 2016) have found the polyphyly of three out of the five subgenera: subg.
55
Stachygynandrum, subg. Heterostachys and subg. Ericetorum sensu Jermy (1986) .
56
Meanwhile, a number of subclades (e.g. sanguinolenta group) were recovered with 57 strong support, whereas their phylogenetic positions have not been resolved, varying 58 depending on datasets and analyses methods used (Weststrand and Korall, 2016a; 59 Zhou et al., 2016) . For example, the sanguinolenta group was nested as the second 60 basal lineage and was treated as subg. Boreoselaginella by Zhou et al. (2016) and Zhou
61
and Zhang (2015) , despite the conflict topologies in different analyses. More recently,
62
Weststrand and Korall (2016a Korall ( , 2016b ) also recovered conflict positions for 63 sanguinolenta group based on rbcL and two nuclear regions (pgiC and gapCp). Nowadays, more and more recalcitrant relationships among families, lineages, or even 83 species can be untangled using genomic (plastid, mitochondria, and nucleus) datasets, 84 which containing unprecedented numbers of informative loci and sites, compared 85 with multi-locus phylogeny (Lu et al., 2015; Ross et al., 2016; Zhang et al., 2016) .
86
Studies on whole plastomes of ferns and seed plants (Delsuc et al., 2005; Gao et al., 87 2010; Morris et al., 2018; Wei et al., 2017; Wickett et al., 2014) have been increasing 88 quickly, whereas scarce phylogenomic studies have been carried out in lycophytes 89 (Zhang et al., 2019) . Here, for the first time, we reconstructed the robust phylogenetic 90 framework of Selaginellaceae using plastome data from 26 species representing six 91 out of seven subgenera based on the classification of Weststrand and Korall (2016b) .
92
We resolved the phylogenetic position of the enigmatic sanguinolenta group, and 93 further discussed the correlation between phylogeny robustness, substitution rates 94 heterogeneity and CG content bias.
95

Materials and Methods
96
Taxon Sampling
97
Thirty-six taxa (26 species of Selaginella and ten outgroup species) were sampled.
98
Plastomes of ten species of Selaginella were newly sequenced; three of them were 99 selected from sanguinolenta group (Table S1 ). Two unpublished plastomes of S. 100 nipponica and S. pallidissima from our group (Kang et al. unpublished data) and the 101 previously published fourteen Selaginella plastomes (Mower et al., 2019; Smith, 2009; 102 Tsuji et al., 2007; Xu et al., 2018; Zhang et al., 2019; Zhang et al., 2018) were combined 103 in the following analyses. The Selaginella species were selected to ensure even taxon 104 sampling across subgenera in the genus and covered almost all major lineages (Jermy, 105 1990; Weststrand and Korall, 2016a, b; Zhou et al., 2016; Zhou and Zhang, 2015) . All 106 of the six subgenera sensu Zhou and Zhang (2015) were included and six out of seven 107 subgenera sensu Weststrand and Korall (2016) were sampled in this study (Table S2) .
108
Only subg. Exaltatae, including two species from Africa and one species from Central 109 and South America, was absent from this study. The outgroups include four Isoetaceae 110 and six Lycopodiaceae species with plastomes published previously (Guo et al., 2016; 111 Karol et al., 2010; Mower et al., 2019; Wolf et al., 2005; Zhang et al., 2017) (Table S2) .
112
GeneBank accession numbers for the sampled taxa for this study were listed in Table   113 S2.
114
DNA Extraction, Sequencing and Assembling
115
Total genomic DNA was isolated from silica gel dried materials with a modified cetyl 116 trimethylammonium bromide (CTAB) method (Li et al., 2013) and sequenced on an 
Phylogenetic Analysis
120
Nucleotide sequences for 51 shared protein-coding genes (Table S3) were employed with the first fossil calibration of the root age corresponded to the split between GC content and dN, dS was tested using Pearson test.
168
Results
169
General features of new plastomes of Selaginellaceae
170
We sequenced ten new plastomes of Selaginellaceae, however, only four species (S. 199 Gymnogynum with strong support value (BS 100/PP 1) with the absence of subg.
200
Exaltatae.
201
The results of divergence time estimation showed that both Isoetaceae (ca. (Figure 2 a) . The GC content calculation of the shared 51 protein-coding genes among 211 three families also showed that GC content is significantly higher in Selaginellaceae 212 plastomes relative to Isoetaceae and Lycopodiaceae (P < 0.01, P < 0.01) (Figure 2 a) .
213
The results of correlation analysis showed that the elevated synonymous substitution 214 rate was significantly correlated with the high GC content in Selaginellaceae (dS: r = 215 0.9596, p < 0.01; dN: r =0. 0.9174, P < 0.01) (Figure 2 b) . Besides, the results using the showed higher value, especially the derived Heterostachys clade (Figure 3 b) .
222
Discussion
223
Phylogenetic relationships among subgenera of Selaginellaceae
224
The plastome phylogenies present the most robust phylogenetic framework to date of strong support (BS=100/pp=1.0, Fig. 1 Table S3 List of fifty-one protein-coding genes included in the phylogenetic analysis. 
